Fluorescence intensity ratio ͑FIR͒ variation of green upconversion emissions at 523 and 545 nm in the Er 3+ -Yb 3+ codoped Al 2 O 3 has been studied as a function of temperature using a 978 nm semiconductor laser diode as an excitation source. In the temperature range of 295-973 K, the maximum sensitivity and the temperature revolution derived from the FIR technique are approximately 0. sols were heated to the sintering temperature of 823 K, milled into powders, and pressed into thin pieces with dimensions of 5 ϫ 5 ϫ 0.2 mm 3 , then the samples were heated to 1273 K.
Recently, the optical temperature sensors based on the fluorescence intensity ratio ͑FIR͒ technique of green upconversion emissions in the Er 3+ doped and Er 3+ -Yb 3+ codoped materials attracted much attention because it can reduce the dependence of measurement condition and improve the sensitivity by measuring the fluorescence intensity originating from 2 H 11/2 → 4 I 15/2 and 4 S 3/2 → 4 I 15/2 transitions of Er 3+ , the ratio which is independent of fluorescence loss and fluctuations in excitation intensity. [1] [2] [3] [4] [5] [6] Some successful works of the FIR technique using green upconversion emission of Er 3+ are mainly focused on the glass 2, 3 and silica matrices. 4, 5 The Er 3+ doped glass possesses higher fluorescence efficiency and lower excitation power, however, the maximum operating temperature is below 523 K. 2, 3 Though the Er 3+ doped silica increased the operating temperature up to 913 K, a lower fluorescence efficiency partially limited the potential application in FIR technique. 5 Thus, looking for a proper matrix material with higher fluorescence efficiency and operating temperature in low excitation powers becomes much interesting. Among sols were heated to the sintering temperature of 823 K, milled into powders, and pressed into thin pieces with dimensions of 5 ϫ 5 ϫ 0.2 mm 3 , then the samples were heated to 1273 K.
The sample was placed in a furnace and its temperature increased from 295 to 973 K ͑the highest temperature of the furnace͒ with measurement error of ±1.5 K was monitored by a copper constantan thermocouple set to the back face of sample. The green upconversion emission spectra in the wavelength range of 500-580 nm were detected from the sample using a 978 nm semiconductor laser diode ͑LD͒ as an excitation source with excitation power of 0.35 W, corresponding to a power density of 1.75ϫ 10 2 W/cm 2 . The green upconversion emissions from the sample were focused onto a single monochromator and detected with a CR131 photomultiplier tube associated with a lock-in amplifier. The spectral resolution of the experimental setup was 0.1 nm. Figure 1 at the elevated temperature. With the thermalization of population at the two levels and ignoring the effects of self-absorption of the fluorescence, the FIR of green upconversion emissions at 523 and 545 nm can be written as Eq. ͑1͒.
where N, g, , and are the number of ions, the degeneracy, the emission cross section, and the angular frequency of fluorescence transitions from the 2 H 11/2 and 4 S 3/2 levels to 4 I 15/2 level, respectively, ⌬E the energy gap between the 2 H 11/2 and 4 S 3/2 levels, k the Boltzmann constant, T the absolute temperature, and the preexponential constant is given by C = g H H H / g S S S . Figure 3 shows a monolog plot of the FIR of green upconversion emissions at 523 and 545 nm as a function of inverse absolute temperature in the range of 295-973 K. The experimental data are fitted to straight line with the slope of about 964.1. The FIR of green upconversion emissions at 523 and 545 nm relative to the temperature range of 295-973 K was shown in Fig. 4 . The coefficient C value in Eq. ͑1͒ is 9.63 according to fitting curve of the experimental data. The sensor sensitivity can be defined as Eq. ͑2͒.
͑2͒
The corresponding resultant curve is shown in Fig. 5 6 Moreover, a high power excitation source of 2.0ϫ 10 3 W/cm 2 had been also used, which is about one magnitude higher than that of applied in the present study. 6 The temperature measurement resolution for the Er 3+ -Yb 3+ codoped Al 2 O 3 was also relatively high, being about 0.3 K by employing a signal division circuitry with a precision of four digits or more. The resolution value is same to that of Er 3+ doped chalcogenide glasses of 0.3 K, 11 higher than that of Er 3+ doped fluoride glass of 2 K ͑Ref. 2͒ and Er 3+ doped SiO 2 of around 1.3 K.
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It should be noted that the optical temperature sensor based on Er 3+ -Yb 3+ codoped Al 2 O 3 increased the operating temperature to 973 K, which is the highest operating temperature reported up to date. The results above suggested that Al 2 O 3 is a proper matrix material for use in optical high temperature sensor.
In conclusions, the optical thermometry in temperature range of 295-973 K was presented using the FIR technique of green upconversion emissions in the Er 3+ -Yb 3+ codoped Al 2 O 3 . The sensitivity and revolution for the optical temperature sensor based on the Er 3+ -Yb 3+ codoped Al 2 O 3 are approximately 0.0051 K −1 and 0.3 K, respectively, using excitation power of 0.35 W readily available from a 978 nm semiconductor LD.
